Clinical reports as early as 1795 linked pipe smoking with carcinoma of the lip and tongue, as noted by Doll (1) . However, the risks associated with the exclusive use of pipes have been difficult to study because pipes are the least commonly used tobacco product in the United States (2) , and relatively few smokers use pipes exclusively. Traditionally, men in the United States have either switched from cigarettes to pipes or smoked pipes in combination with cigarettes or cigars (3) .
The prevalence of pipe smoking among adult men in the United States has decreased from 14.1% in 1965 to 2.0% in 1991 (4) , and pipe smoking remains rare among U.S. women (Ͻ0.1% in 1991) (4) . The prevalence of pipe smoking is highest among men aged 45 or older and in the Midwest (4) . Pipes are commonly used by some populations, including American Indians (male prevalence ϭ 6.9% in 1991) (5) and by both men and women in parts of China (20% prevalence in 1996) (6) . The National Youth Tobacco Survey has measured prevalence of pipe smoking among U.S. youth since 1999. The prevalence of current pipe smoking has increased from 2.4% to 3.5% of middle school students and from 2.8% to 3.2% of high school students from 1999 to 2002; prevalence was higher among boys than girls and varied by state and ethnicity (7, 8) .
Exclusive pipe smoking has been positively associated with tobacco-related diseases in prospective (9 -12) and casecontrol studies (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) . The cohorts have contributed greatly to the epidemiologic evidence on tobacco and disease and include the Hammond-Horn nine-state study (9) , the U.S. Veterans' study (10) , a sample of the Swedish population (11) , and the Norwegian Cardiovascular Study (12) . However, these studies have generally reported wide confidence intervals for the relative risk (RR) estimates associated with exclusive pipe smoking and have not been able to stratify by pipe smoking characteristics such as amount or duration because of small sample size. Case-control studies generally have not distinguished between current and former pipe smoking and present results for "ever" pipe smokers. Most published studies, especially prospective studies, have adjusted only for age and have not considered potentially important covariates such as socioeconomic status and alcohol use.
To provide a more precise estimate of the risks associated with pipe smoking, we analyzed data on a large number of exclusive pipe smokers (both current and former) from the Cancer Prevention Study II (CPS-II), an American Cancer Society prospective cohort study. We analyzed the risks of nine cancers known to be associated with tobacco as well as several other tobacco-related diseases, adjusting for potential confounding factors.
SUBJECTS AND METHODS
The CPS-II is an ongoing prospective cohort of approximately 1.2 million U.S. adults (676 306 women and 508 351 men) begun in the fall of 1982 (24, 25) . American Cancer Society (ACS) volunteers asked their friends, neighbors, and acquaintances who were at least 30 years old to participate in the study. Each participant completed a confidential, four-page mailed questionnaire on their smoking habits, alcohol intake, educa-tional level, and other characteristics. This cohort is more likely to be college-educated, married, middle-class, and white than the general U.S. population (26) . Informed consent to participate in the study was implied by the return of the self-administered questionnaire. All aspects of the CPS-II study protocol have been reviewed and approved by the Emory University Institutional Review Board and are renewed annually.
Information on pipe smoking was based on questionnaire responses in 1982 and was not updated during the follow-up. Men were asked "Do you now or have you ever smoked cigarettes, cigars or pipes at least one a day for one year's time?" Current and former pipe smoking habits were assessed by asking the number of pipes smoked a day, age at which pipe smoking began, total years of pipe smoking, and depth of inhalation of pipe smoking. Former pipe smokers were asked their age at smoking cessation. Men were also asked about the use of smokeless tobacco (chewing tobacco and snuff). Users of cigarettes, cigars, or smokeless tobacco were excluded from this analysis. Women could not be included in this analysis because they were not asked whether they smoked pipes.
The vital status and cause of death of participants in CPS-II have been ascertained biennially since the month of enrollment by two methods: until 1988, via personal inquiries from ACS volunteers in September 1984 September , 1986 September , and 1988 , with reported deaths verified by death certificate; since 1988, through automated linkage with the National Death Index (NDI) (27) . As of December 31, 2000, 34.6% of men had died, 65.2% were still living, and 0.2% had follow-up censored on September 1, 1988, because of insufficient data for linkage with the NDI. Death certificates or multiple cause-of-death codes were obtained for 98.9% of all deaths. The underlying cause of death was coded according to the International Classification of Diseases, Ninth Revision (ICD-9) (28).
Person-years at risk were accrued from month of enrollment through the end of follow-up (December 31, 2000) , the date of death, or the date lost to follow-up (because of insufficient information for NDI linkage), whichever occurred first. Agestandardized death rates were directly standardized to the age distribution of person-years among CPS-II men during the 18 years of follow-up (29) .
For the purpose of this study, we restricted the cohort to the 138 307 men who reported either exclusive use of pipes (n ϭ 15 263) or never use of any tobacco product (n ϭ 123 044). We examined both all-cause mortality and cause-specific mortality for diseases related to cigarette smoking (30, 31) . The causes of interest included several cancers (lung, oropharynx, esophagus, larynx, stomach, colorectal, pancreas, bladder, and kidney), cardiovascular disease (coronary heart disease and stroke), and chronic obstructive pulmonary disease. Men who reported prevalent disease at enrollment in 1982 were excluded as follows: analyses of cancer mortality excluded men who reported any prevalent cancer except nonmelanoma skin cancer; analysis of coronary heart disease mortality excluded men who reported prevalent heart disease or diabetes; analysis of cerebrovascular disease mortality excluded men who reported prevalent stroke; and analysis of chronic obstructive pulmonary disease mortality excluded men who reported prevalent chronic bronchitis or emphysema. The analysis of all-cause mortality excluded men who reported a history of any of these diseases at enrollment.
Statistical Analysis
We used Cox proportional hazards models to estimate hazard ratios and 95% confidence intervals for mortality associated with pipe smoking and to adjust for other potential risk factors reported at baseline (32) . We assessed the appropriateness of the Cox proportional hazards model for each cause of death by plotting log(-log) survival curves against survival time. The log(-log) survival curves were essentially parallel, suggesting that the proportional hazards assumption was met. All statistical tests were two-sided; hazard ratios were considered statistically significantly elevated if the lower limit of the 95% confidence interval was greater than 1.0, and P values less than .05 were considered statistically significant. Indicator variables were used for all independent variables. All models were adjusted for single year of age by stratification. Multivariable Cox proportional hazards models were adjusted for current alcohol consumption (none, Ͻ1 drink daily, 1 drink daily, 2-3 drinks daily, . Men who left all alcohol questions blank ("missing" alcohol use) were combined with men who reported no current alcohol consumption based on a previous analysis of CPS-II (33) in which these two groups were shown to have similar mortality patterns. In models for coronary heart disease mortality, we assessed other potential confounding factors, including occupation, current employment, vegetable and fruit consumption, dietary fat consumption, and aspirin use; these factors had little effect on the risk estimates (data not shown) and were not included in final models.
Current pipe smokers were further characterized by number of pipes smoked per day, years of smoking, and depth of inhalation, and former pipe smokers were characterized by number of years since quitting smoking and age at quitting smoking. Causes of death with fewer than 15 deaths among current or former smokers are not shown by smoking characteristic. Linear trends of smoking characteristics, excluding lifelong nonusers, were tested using the likelihood ratio test (34) .
Epidemiologic evidence suggests synergism between tobacco smoking and alcohol consumption for cancers of the upper aero-digestive tract, which includes the oropharynx, esophagus, and larynx (30) . Therefore we examined the joint association of pipe smoking and alcohol consumption with cancers of the upper aero-digestive tract. Men with unquantifiable alcohol consumption were excluded from this analysis. A likelihood ratio test was used to test for multiplicative interaction between pipe smoking and alcohol consumption.
Analyses of cigarette smoking in CPS-II generally use only the first 6 years of follow-up to minimize the effects of misclassification among current smokers who quit smoking during more prolonged follow-up (35) . We chose to use 18 years of follow-up to maximize the number of deaths available for analysis. To examine the effect of cessation of pipe smoking over the 18-year follow-up, we compared relative risks for current and former pipe smoking associated with all causes, lung cancer, coronary heart disease, cerebrovascular disease, and chronic obstructive pulmonary disease for three six-year periods : 1982-1988; 1989 -1994; and 1995-2000 . If bias due to misclassification of smoking status was substantial, we would expect to see the relative risks of current smoking decrease over time. Temporal trends were tested by including interaction terms between survival time and smoking in the Cox model (36); statistical significance of interaction terms was evaluated using the Wald chi-square test.
RESULTS
Demographic and other characteristics of the study population according to pipe smoking status at baseline are presented in Table 1 . Men who had formerly smoked pipes were more highly educated than men who currently smoked pipes or who had never used tobacco. Both current and former pipe smokers were more likely to report alcohol consumption than never users of tobacco. Table 2 presents death rates, adjusted for age, and hazard ratios, adjusted for age and other potentially confounding variables, comparing current and former pipe smokers with never tobacco users. Current pipe smokers experienced statistically significantly higher death rates than never users from all causes (RR ϭ 1.33, 95% CI ϭ 1.27 to 1.39); from cancers of the larynx (RR ϭ 13.1, 95% CI ϭ 5.2 to 33.1), lung (RR ϭ 5.00, 95% CI ϭ 4.16 to 6.01), oropharynx (RR ϭ 3.90, 95% CI ϭ 2.15 to 7.08), esophagus (RR ϭ 2.44, 95% CI ϭ 1.51 to 3.95), colorectum (RR ϭ 1.41, 95% CI ϭ 1.15 to 1.73), and pancreas (RR ϭ 1.61, 95% CI ϭ 1.24 to 2.09); from chronic obstructive pulmonary disease (RR ϭ 2.98, 95% CI ϭ 2.17 to 4.11); from cerebrovascular disease (RR ϭ 1.27, 95% CI ϭ 1.09 to 1.48); and from coronary heart disease (RR ϭ 1.30, 95% CI ϭ 1.18 to 1.43). Current pipe smokers also had statistically nonsignificant increases in death from cancers of the stomach (RR ϭ 1.15, 95% CI ϭ 0.71 to 1.87) and bladder (RR ϭ 1.50, 95% CI ϭ 0.94 to 2.39). No association was observed between current pipe smoking and kidney cancer mortality. Former pipe smokers experienced smaller increases in risk from most of these diseases, including cancers of the larynx (RR ϭ 5.6, 95% CI ϭ 1.5 to 21.2), lung (RR ϭ 1.70, 95% CI ϭ 1.23 to 2.36), oropharynx (RR ϭ 1.19, 95% CI ϭ 0.37 to 3.87), esophagus (RR ϭ 1.60, 95% CI ϭ 0.83 to 3.09), bladder (RR ϭ 1.68, 95% CI ϭ 1.03 to 2.75); and chronic obstructive pulmonary disease (RR ϭ 1.35, 95% CI ϭ 0.81 to 2.25).
Trends in multivariable-adjusted relative risks associated with current pipe smoking were evident in relation to the number of pipes smoked per day, duration of pipe smoking, and depth of inhalation (Table 3 ). The relative risk for death from lung cancer increased from 1.99 for men who smoked 1-3 pipes daily to 7.67 for men who smoked 11 or more pipes daily (P trend Ͻ.001). Similar increases in lung cancer mortality risk were seen with the duration of smoking (P trend ϭ .003) and with depth of inhalation (P trend Ͻ.001). Statistically significant increasing dose response trends were observed with years of smoking for coronary heart disease, chronic obstructive pulmonary disease, and stomach and bladder cancers and with depth of inhalation for coronary heart disease, chronic obstructive pulmonary disease, and pancreas cancer. We observed an anomalous inverse association with depth of inhalation for cerebrovascular disease that we cannot explain.
We also analyzed the relative risks of death from tobaccoassociated diseases among former pipe smokers by years since quitting pipe smoking and age at quitting (Table 4) . For most diseases, the relative risk decreased with years since quitting and with younger age at quitting. The relative risk among former pipe smokers was intermediate between that of current smokers and never tobacco users in most categories of amount, duration, and depth of inhalation (data not shown).
We assessed the potential synergism between pipe smoking and alcohol consumption for cancers of the upper aero-digestive tract ( Table 5 ). The highest relative risk estimate was seen in men who reported current pipe smoking and drinking four or more drinks per day (RR ϭ 15.1, 95% CI ϭ 5.9 to 39.0) compared with men who use neither tobacco nor alcohol (P interaction ϭ .013).
To examine the effect of cessation of pipe smoking over the 18-year follow-up period, we compared the relative change in death rates among current and former pipe smokers compared with never tobacco users over three 6-year periods of follow-up (Table 6 ). Among current pipe smokers, no statistically significant trends in the relative risks of death from all causes or from any of the specific causes were evident with increasing followup. Among former smokers, there was a statistically significant decrease in the risk of death from lung cancer with increasing length of follow-up but also a statistically significant increase in the risk of death from cerebrovascular disease. Generally, the estimates obtained from 18 years of follow-up were similar to but more stable than those from 6 years of follow-up.
We compared the relative mortality risk estimates from smoking-attributable diseases associated with exclusive current pipe, cigarette, or cigar smoking among CPS-II men (Fig. 1) . For most diseases, cigarette only smokers have the highest risk (37, 38) , and men who exclusively smoked pipes have risks that are similar to or higher than those associated with smokers of cigars only (39) . The association between smoking and death from coronary heart disease does not differ by tobacco product (37, 40) .
DISCUSSION
Results from this large, prospective study provide more precise estimates of the relationship between pipe smoking and death from tobacco-attributable diseases than have been available previously. In this cohort, pipe smoking conferred a risk similar to or greater than that for cigar smoking for cancers of the lung, larynx, esophagus, and oropharynx and for coronary heart disease (39, 40) .
The epidemiologic literature on tobacco use, including pipe and cigar smoking, has been reviewed recently (30) . Many of the studies included in that review combined pipe and cigar smokers; however, the studies that examined exclusive pipe smoking showed results similar to ours. Of the prospective studies, ours is the largest and the only one to adjust for risk factors other than age. Men who smoke pipes exclusively have higher risk of lung cancer than men who have never smoked in most published prospective (9 -12,41,42) and case-control (13) (14) (15) (16) (17) studies. In our study, risk of lung cancer mortality in men was increased fivefold for current pipe smokers; this estimate is higher than that reported in two earlier U.S. cohorts (9,10) but is consistent with studies conducted in Europe (11, 12, 41, 42) . Like our study, two large European case-control studies (13, 17) reported that lung cancer risk increased with years of pipe smoking, number of pipes smoked per day, and depth of inhalation and decreased with time since cessation of smoking.
Risk of death from laryngeal cancer was also strongly associated with current pipe smoking (RR ϭ 13.1). To our knowledge, the association with laryngeal cancer has not previously been assessed among exclusive pipe smokers. Our estimates for death from cancers of the oropharynx (RR ϭ 3.90) and esophagus (RR ϭ 2.44) are consistent with those from other prospective studies, including Hammond-Horn (9), the U.S. Veterans' Study (10) , and a Swedish cohort (11) . A hospital-based casecontrol study in Beijing observed a fivefold increased risk of oral cancer incidence among both male and female ever pipe smokers (18) .
The risk estimate for stomach cancer mortality in this study is slightly lower than that reported in two prospective studies (10, 12) or in a previous analysis in CPS-II men (RR ϭ 1.3, 95% CI ϭ 0.8 to 2.2), which was based on 14 years of follow-up (43) . The risk of colorectal cancer mortality was highest for men who reported several decades of smoking or smoking 11 or more pipes per day, similar to results observed among cigarette smokers in CPS-II (44) . Although no association was observed between current pipe smoking and colon or rectal cancer mortality in the Swedish study (11), Heineman et al. (45) observed an increasing risk of colon and rectal cancer death with increasing number of pipes smoked per day in a 26-year follow-up of U.S. veterans.
Risk of pancreatic cancer mortality associated with pipe smoking was increased in the Swedish prospective study (11) but not in two other prospective studies-the U.S. Veterans' study (10) or the Norwegian Cardiovascular Study (12) . A hospital-based case-control study by Muscat et al. (19) observed an increased risk for pancreatic cancer incidence associated with ever pipe smoking.
Two previous studies in U.S. cohorts (9, 10) reported an association between pipe smoking and bladder cancer mortality similar to that seen in CPS-II (RR ϭ 1.50); a relative risk of 4.0 was reported in the Swedish study (11) . The largest study of bladder cancer, a pooled analysis of European case-control studies (20) , reported statistically significantly higher risk with longer duration of pipe smoking, as was also observed in CPS-II. We did not find an association between pipe smoking and kidney cancer mortality, similar to the results of two case-control studies of kidney cancer incidence (22, 23) .
Finally, our estimates of risk for cardiovascular and pulmonary disease are similar to those reported in the large Swedish study (11) and are within the range reported by other prospective A limitation of our study is that smoking habits were reported only at baseline. For diseases such as lung cancer, in which risk increases exponentially with duration of smoking (46), the relative risk estimate among continuing smokers would be expected to increase over time. However, we found that the association between lung cancer and current pipe smoking remained relatively constant over time ( Table 6 ). The expected increase Analysis for coronary heart disease excluded men who reported prevalent heart disease or diabetes in 1982. ¶Analysis for cerebrovascular disease excluded men who reported prevalent stroke in 1982. #Analysis for chronic obstructive pulmonary disease excluded men who reported prevalent emphysema or chronic bronchitis in 1982. may have been obscured by misclassification of exposure due to cessation of smoking among current smokers during the 18-year follow-up period. The effect of this misclassification would be to underestimate the risks of continued smoking and to attenuate dose-response gradients.The main strength of our study was its size, which provided precise estimates of mortality risk associated with pipe smoking among men who smoked pipes exclusively and provided moderately stable estimates of risk for the more common endpoints in relation to the number of pipes smoked daily, duration of smoking, and depth of inhalation among current smokers, and age at quitting and years since quitting among former smokers.Comprehensively documenting the deleterious health effects of pipe smoking is important in countering efforts by the tobacco industry to promote pipes as a desirable alternative to cigarettes or cigars. The tobacco industry has repeatedly demonstrated its ability to create new markets by reviving interest in tobacco products that had appeared to have become obsolete, especially among youth and young adults. Two complementary approaches used to rekindle demand for products such as moist snuff, premium cigars, bidis, and hookah pipes are to minimize the adverse health consequences of these products by presenting them as a less hazardous alternative to cigarette smoking and to glamorize use by creating positive associations with celebrity, athleticism, success, and/or internationalism (47) .Results from this large, prospective study strongly support a causal relationship between pipe smoking and mortality from cancers of the lung, larynx, esophagus, and oropharynx, and chronic obstructive pulmonary disease. Although the risk of dying from tobacco-associated diseases is lower for pipe smokers than for cigarette smokers, pipe smoking is as harmful as, and perhaps more harmful than, cigar smoking.
All tobacco products cause excessive morbidity and mortality. Our findings may help deter efforts by the tobacco industry to imply, directly or indirectly, as it has with smokeless tobacco (48, 49) and low-yield cigarettes (50) , that any tobacco product has negligible adverse health effects. 
